INTRODUCTION
Acridine derivatives are of importance as they have a variety of medicinal properties, such as anticancer, anti-multidrugresistant, antifungal, antimicrobial and cytoxic activities. [1] [2] [3] [4] [5] These compounds are also utilized as photoinitiators and laser dyes. 6, 7 The practical method for production of 1,8-dioxo-9,10-diaryldecahydroacridines, as a significant class of acridine derivatives, is the multi-component condensation of arylaldehydes with dimedone and primary amines (or ammonium acetate) in the presence of a catalyst, e.g. nano-ZrO 2 -SO 3 15 and sulfonated polyethylene glycol. 16 Many of the reported methods for the production of 1,8-dioxo-9,10-diaryl-decahydroacridines suffer from one or more drawbacks consisting of moderate yield, long reaction time, high reaction temperature, difficulty in catalyst preparation, utilization of toxic solvents as reaction media, and application of expensive or toxic catalysts. So, it is desirable to introduce a novel catalyst for the synthesis of these heterocycles which overcome the above drawbacks.
Recently, ionic liquids have been widely applied as effective catalysts for organic transformations. [17] [18] [19] [20] [21] [22] [23] [24] These catalysts have many special physical and chemical properties, consisting of wide liquid temperature range, negligible vapor pressure, tunable hydrophobicity, good ionic conductivity, controlled miscibility, unique electrochemical properties, high thermal and chemical stability, and capability for catalyzing diverse kinds of organic reactions. [17] [18] [19] [20] [21] [22] [23] [24] One-pot multi-component reactions are of increasing importance in organic synthesis, since they can produce aim products in one step without isolating the intermediates, and consequently decrease reaction time, save energy and time, increase yield, reduce generating side-products, and minimize application of volatile organic solvents. [25] [26] [27] To develop our preceding studies on the preparation of ionic liquids, and their applications as catalysts in organic synthesis, [21] [22] [23] [24] we report here production of a novel ionic liquid bearing two acidic and two basic sites, i.e. 2 as a highly efficient, general and dual-functional catalyst to promote the preparation of 1,8-dioxo-9,10-diaryl-decahydroacridines via the reaction of dimedone, arylaldehydes and primary amines. It is noteworthy that our protocol has none of the above-mentioned drawbacks at all.
EXPERIMENTAL

General
The reactants and solvents were bought from Merck, Fluka or Acros Chemical Companies. Identification of the known compounds was accomplished by comparing their melting points and spectroscopic data with the reported ones. Monitoring progress of the reactions was achieved by thin layer chromatography (TLC). Recording the melting points was performed using a Büchi B-545 device in open capillary tubes. Spectra were recorded on the following devices:
1 H NMR (500 MHz), 13 .) with N,N,N',N'-tetramethylethylene-diamine (1 eq.) , and then with trifluoroacetic acid (2 eq.) (Scheme 1).
Characterization of the ionic liquid was carried out by analyzing its 1 H NMR, 13 C NMR, 19 F NMR, mass, thermogravimetry (TG) and DSC (differential scanning calorimetry) data. 
Examining catalytic activity of [TMEDSA][TFA] 2 for the synthesis 1,8-dioxo-9,10-diaryl-decahydroacridines
Catalytic performance of the ionic liquid was tested for the production of 1,8-dioxo-9,10-diaryl-decahydroacridines. For optimizing the reaction conditions, the condensation of dimedone (2 mmol) with 4-chlorobenzaldehyde (1 mmol) and p-toluidine (1.2 mmol) was chosen as a model reaction (Scheme 2), and studied in the presence of different mol% of [TMEDSA] [TFA] 2 in several solvents (and under solvent-free conditions) at range of 60 to 78 °C (boiling point of EtOH); the related results are briefed in Table 1 . As the data of this Table indicate, when 10 mol% of the catalyst was utilized in EtOH, the best results were obtained (entry 3).
To indicate effectuality and generality of [TMEDSA] [TFA] 2 for the production of 1,8-dioxo-9,10-diaryl-decahydroacridines, after that optimization of the reaction conditions was achieved, dimedone was reacted with diverse arylaldehydes and amines (p-toluidine and aniline); the results are illustrated in Table 2 . According to these results, all reactions proceeded effectively, and 1,8-dioxo-9,10-diaryldecahydroacridines were produced in high to excellent yields using both electron-rich and electron-poor arylaldehydes. In all cases, the acridine derivatives were the sole products, and no by-products were Our novel ionic liquid (IL) is a dual-functional catalyst, since it has both acidic and basic sites (SO 3 H group is acidic, and trifluoroacetate is basic); in addition, there are two sites of each in the catalyst (Figure 8 ). Therefore, [TMEDSA] [TFA] 2 can especially apply as a highly effectual and general catalyst for reactions which need to both acidic and basic catalysts simultaneously; e.g. the preparation of 1,8-dioxo-9,10-diaryl-decahydroacridines; this matter has been illustrated in the reaction mechanism (Scheme 3). Moreover, two acidic and two basic sites of [TMEDSA] [TFA] 2 can simultaneously catalyze the reaction. In the reaction, the acidic sites can activate the carbonyl groups (electrophiles) for nucleophilic attack to accelerate steps 2, 6, 8 and 11; these sites can also accelerate removing H 2 O from the intermediates by hydrogen bonding with hydroxyl groups (steps 4, 9 and 12). The trifuoroacetate anions can speed up steps 2, 6, 8 and 11 by activating the nucleophiles via assistance to attracting a proton; the basic sites Quim. Nova In another study for illustrating effectiveness of the catalyst, the results and reaction conditions of [TMEDSA] [TFA] 2 were compared with those in the reported catalysts; the results are briefed in Table 3 . As the 
CONCLUSIONS
In summary, we have introduced N,N,N',N'-tetramethylethylenediaminium-N,N'-disulfonic acid trifluoroacetate as a novel and homogeneous catalyst for the production of 1,8-dioxo-9,10-diaryldecahydroacridines. The benefits for the presented protocol are generality, efficacy, high yields, relatively short reaction times, clean reaction profile, simple experimental procedure, purification of compounds by non-chromatography method (crystallization only), wide range of substrate applicability, low cost, easy preparation of the catalyst from available reactants, and dual-functionality of the catalyst. Although [TMEDSA] [TFA] 2 was not recyclable; however, its utilization as catalyst for organic transformations is economic, because of possessing many advantages which mentioned above. This is an open-access article distributed under the terms of the Creative Commons Attribution License.
